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Assessment of coagulation 
profile in patients with breast 


cancer in Saudi Arabia 


Osama Abdulaziz 


ABSTRACT 


Background: The most common malignancy in women is breast cancer. It is 
associated with significant morbidity and mortality. One of the under 
estimated complications with breast cancer is the abnormalities occurring in 
the coagulation profile of patients. Objective: The aim of the study is to assess 
the coagulation profile of patients with breast cancer in Saudi Arabia. Design 
and Setting: This is a retrospective study conducted in kingdom of Saudi 
Arabia, which involved collecting data from patients’ records. Included 
demographic information of patients, and information on their type of cancer 
and the results of laboratory investigations. Data analysis was executed 
through Graph pad prism and SPSS. Results: Data was collected from records 
of 105 patients. 88.6% were females; mean age 56.9+ 14.5 years old, 60% were 
in the age group between 41 to 60. 95.2% of patients had cancer, where 31.4% 
of the patients had breast cancer, and 41% had invasive duct carcinoma, while 
3.8% had infiltrating duct carcinoma. 18.1% had high random blood glucose, 
while 3.8% had high PTT values, and 16.2% had high PT levels, while 2.9% 
had high INR levels. Random blood glucose (p-value=0.03), PTT (p- 
value=0.043), PT (p-value<0.001) and INR (p-value<0.001) were significantly 
higher in breast cancer patients. Also, lower proportion of breast cancer 
patients had normal random blood glucose (p-value=0.009), PT (p- 
value=0.029) and INR (p-value=0.025). Conclusion: Breast cancer patients are 
more common to have coagulation abnormalities in terms of elevated 
bleeding risk. Future studies should examine the other coagulation factors in 
such patient population. 


Keywords: Coagulation, breast cancer. 


1. INTRODUCTION 


In 2010, Breast cancer was ranked as the ninth leading cause of death among 
Saudi females (Bowser et al., 2017). Moreover, about one fourth of all cancer 
patients registered in Saudi women had breast cancer (Youlden et al., 2012). It 
is also proposed that the incidence will grow with in the upcoming years due 
to the increasing breast cancer population and prolonged survival (Shulman et 
al., 2010). Recently, there is a growing interest in the correlation between 
coagulation abnormalities and different types of cancer (Roy et al., 2017). One 
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of the well established risk factors for thrombosis is cancer. The incidence of thromboembolism among cancer patients is four to ten 
folds higher than those estimated in the general population (Mandoj et al., 2018). The risk is notably higher in patients with brain or 
pancreatic cancer. Consequently, venous thromboembolism prophylaxis is becoming a part of the treatment strategy for some 
cancer patients (Mi et al., 2017). Furthermore, some coagulation bio markers are used for the prognosis of some types of cancer, 
including lung, ovarian, and colorectal cancer, regardless of the diagnosis of thrombosis (Yuan et al., 2017). Concerning breast 
cancer, there is increasing evidence that coagulation can be associated with significant complications in both the early and advanced 
stages of the disease (Lee et al., 2017). Some studies reported a positive association between D dimer levels and breast cancer 
prognosis in relation to angiogenesis. Furthermore, it has been correlated to circulating tumor cells in patients with metastatic 
disease, which was also linked to venous thromboembolism diagnosis (Kirwan et al., 2020). 

Additionally, coagulation factors have been linked to the genotypes and phenotype status in breast cancer patients (Levi, 2016). 
Some of these factors (particularly D Dimer) were correlated to the type of hormone receptor status (Swier and Versteeg, 2017). 
Furthermore, the coagulation inhibitors protein C and Ant thrombin were reduced in the plasma of these patients, while there was 
an increase in tissue factor pathway inhibitor during the progression of the cancer. For instant, an association has been established 
between common SNPs in genes of the tissue factor pathway inhibitor pathway including gene F5, F10, and EPCR and breast cancer 
susceptibility and progression. Despite the information available on the diagnosis as well as thromboembolic incidents therapy in 
cancer patients (Wojtukiewicz et al., 2016). Data are scarce on the correlation between common coagulation factors that are routinely 
measured in cancer patients (i.e., International normalized ratio, pro thrombin time, and activated pro thrombin time). Previous 
studies among cancer patients at different occasions in Taif city has found several interesting findings such as prevalence of 
anaemia (Almehmadi et al., 2021), vitamin D deficiencies(Almehmadi et al., 2020b), hypoproteinaemia (Mazen Almehmadi, 2020), 
leukocytosis (MM Almehmadi, 2020), and dysregulation of electrolytes (Abdulaziz and Almehmadi, 2021), and irregulated levels of 
thyroid hormones(Almehmadi et al., 2020a). Accordingly, the purpose of the present study is to look at the connection between 
breast cancer and coagulation using a routine coagulation profile and comparing it to patients who had other types of cancer in 
Saudi Arabia. 


2. MATERIALS AND METHODS 


Study design 
This retrospective study was performed in Saudi Arabia; involving data collection from patients’ records lasted from September 
2021 until March 2022. All adult females were who cancer had been eligible for inclusion. 


Data collection 

A pre designed excel sheet was used for data collection. Demographic information of the patients was collected, along with 
information about their cancer, including its site and type. Laboratory information was also collected, including fasting blood 
glucose, INR, PT, and PTT levels. 


Statistical analyses 

For categorical variables, data were described using frequencies and percentages, whereas means and standard deviations were 
used to explain numerical variables. One way ANOVA analysis was used to compare means among different groups, while chi 
square testing was used to compare categorical variables. All P values < 0.05 were considered statistically significant. IBM SPSS 
(Statistical Package for the Social Science; All statistical computations were carried out using IBM Corp's version 26 for Microsoft 
Windows (Armonk, NY, USA). 


Ethical considerations 
Ethics board approval was acquired before conducting any study procedure (IRB: HAP-02-T-067). Confidentiality of the identity of 
patients was kept during the study. 


3.. RESULIS 


One hundred and five patients were eligible for inclusion. The demographics of patients and the analysis of the collected data are 


shown below. 
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General Characters of responders 

Out of 105 patients, 88.6% were females, while 11.4% were males. As for age, six age groups were assigned to it. Starting from 20 
and ending with 70 years old. 29.5% were in the age group between 41 to 50, and a similar percentage was between 51 to 60; the 
mean age was 56.9+ 14.5 years old, as shown in table 1. 


Table 1 shows patients’ demographics. 


group Count | Percent 

Male 12 11.4 
Gender 

Female | 93 88.6 

20 to 30 | 2 1.9 

31to40 | 8 7.6 

41to50 | 31 29.5 
Age group | 51to60 | 31 29.5 

61 to 70 | 12 11.4 

More 

21 20.0 
than 70 


Cancer diagnosis 

The diagnosis of cancer was also reported. 31.4% of the patients had breast cancer, and 95.2% had any type of cancer. The most 
prevalent type of cancer was left breast cancer, in 18% of the cancer patients, followed by 15% with right breast cancer, while the 
least prevalent type was uterine carcinoma, in only 1% of patients with cancer. Furthermore, 41% of patients had invasive duct 
carcinoma, while 3.8% had to infiltrate duct carcinoma (NOS), as shown in table 2 and figure 1. 


Table 2 Cancer diagnosis 
Type of cancer Count | Percent 
. . Breast cancer 33 31.4 
Diagnosis 
Non-breast cancer 72 68.6 
Cancer Cancer 100 95.2 
lesions Non-cancer 5 4.8 
Left breast cancer 18 18 
Right breast cancer 15 15 
Endometrial Adenocarcinoma 9 
Type of Endometrial carcinoma 
ac Cervical cancer 4 4 
Uterine carcinoma 
Other types 48 48 
Invasive Duct Carcinoma 43 41.0 
Adenocarcinoma 18 17.1 
Endometrioid adenocarcinoma 11 10.5 
Type of : - 
Invasive Lobular Carcinoma 4 3.8 
cancer 
Infiltrating Duct Carcinoma 4 38 
(NOS) 
Other types 25 23.8 
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Figure 1 cancer diagnosis of patients. 


Laboratory results 

Laboratory values for random blood glucose, pro thrombin time (PTT), thrombin time (PT), and international normalized ratio for 
every patient were reported. The mean random blood glucose was 129.7+85.9 mg/dl, mean PPT was 31.4+6.8, while mean PT was 
13.1411.9 and mean INR was 0.96+0.16, as shown in table 3 and figure 2. 


Table 3 Laboratory results 


Test Count | Missing | Mean SD Min Max 
Random blood glucose | 105 0 129.7 85.9 | 49.8 614.4 
PIT 105 0 31.4 6.8 20.08 83.0 
PT 105 0 13.1 Th 8.0 20.0 
INR 105 0 0.96 0.16 0.6 1.5 
250 30 5 
200 25 4 
150 20:7) 
= @ 15 4 
3 100 a 
= 10 4 
50 
54 
Blood glucose measurments Os PT 
45 1.2 
40 
1 
35 
30 0.8 
GO 25 
Y 5c 0.6 
15 0.4 
10 
7 0.2 
) 0 
PTT INR 


Figure 2 Laboratory results for a) random blood glucose, b) pro thrombin time (PTT), c) thrombin time (PT), and d) international 


normalized ratio for all participants. 
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Furthermore, 18.1% had high random blood glucose, while 3.8% had high PTT values, and 16.2% had high PT levels, while 2.9% 
had high INR levels, as shown in table 4 and figure 3. 


Table 4 Categorization of laboratory results. 


Test Level Count | Percent 
Random blood eh 2 si 
Normal | 81 77.1 
eee High 19 18.1 
Low 14 13:3 
PIT Normal | 87 82.9 
High 4 3.8 
Low 13 12.4 
PT Normal | 75 71.4 
High 17 16.2 
Low 95 90.5 
INR Normal | 7 6.7 
High 3 29 
a) b) 
100 - 100 - 
80 - 80 - 
7 60 ' 60 
go 40 @ 40 
— = | = = 
Low Normal High Low Normal High 
Random blood glucose PTT 


(e) 
— 
Qa 
— 


80 - 100 - 
60 - ay OO 
= ip 9 60 
e @ 40 
a 20 - 20 
> a o eco 
Low Normal High Low Normal High 
PT INR 


Figure 3 shows a) 18.1% had high random blood glucose, while b) 3.8% had high PTT values, and c) 16.2% had high PT levels, while 
d) 2.9% had high INR levels 


Comparison of laboratory data over patients with and without breast cancer 
One way ANOVA testing was used to compare patients with breast and non-breast cancer at a level of significance p-value<0.05. It 
has been shown that random blood glucose (p-value=0.03), PTT (p-value=0.043), PT (p-value<0.001) and INR (p-value<0.001) were 
significantly higher in breast cancer patients, as shown in table 5 and figure 4. 
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Table 5 Comparison between breast and non-breast cancer using one way ANOVA 


Test Diagnosis Count | Mean | SD Minimum | Maximum | P-value 
Breast 
Random 33 103.0 | 38.5 | 49.8 266.0 
Type of | Cancer 
blood 0.030 
cancer Non-Breast 
glucose 72 142.0 | 98.3 | 64.1 614.4 
Cancer 
Breast 
33 33.4 9.9 24.2 83.0 
Type of | Cancer 
PIT 0.043 
cancer Non-Breast 
72 30.5 4.7 20.1 40.5 
Cancer 
Breast 
33 14.2 1.4 12.6 18.4 
Type of Cancer 
PT <0.001 
cancer Non-Breast 
72 12.6 2.0 8.0 20.0 
Cancer 
Breast 
33 1.1 0.1 0.9 15 
Type of | Cancer 
INR <0.001 
cancer Non-Breast 
v2 0.9 0.2 0.6 1.3 
Cancer 


] 
Breast Cancer | Non-Breast Cancer 
BreastCancer Non-Breast Cancer 
Type of cancer 
Type of cancer 
Random blood glucose 


PIT 


7) 

0.4 

0.2 

T } 0 


Breast Cancer Non-Breast Cancer BreastCancer | Non-Breast Cancer 


Type of cancer Type of cancer 


PT INR 


Figure 4One way ANOVA testing was used to compare patients with breast and non-breast cancer at a level of significance, that a) 
random blood glucose, b) PTT, c) PT and d) INR. 


Furthermore, using chi square testing, a significantly lower proportion of breast cancer patients had normal random blood 
glucose (p-value=0.009), PT (p-value=0.029), and INR (p-value=0.025), as shown in table 6 and figure 5. 
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Table 6 Comparison between breast and non-breast cancer using chi square testing 


Breast Non-breast | P- 
Test Level 
Cancer cancer value 
Random Low 80.0% 20.0% 
blood Normal 33.3% 66.7% 0.009 
glucose High 10.5% 89.5% 
Low 14.3% 85.7% 
PTT Normal 32.2% 67.8% 0.065 
High 75.0% 25.0% 
Low 0.0% 100.0% 
PT Normal 34.7% 65.3% 0.029 
High 41.2% 58.8% 
Low 28.4% 71.6% 
INR Normal 42.9% 57.1% 0.025 
High 100.0% 0.0% 
a) b) 
100 90 
90 80 
= 50 = oo 
g go 
=) 50 mPreast Cancer 2 ac @ Breast Cancer 
a0 ana | 20 m Non-breast 
10 10 
oO oO + 
Low Normal High Low Normal High 
Random blood glucose PTT 
c) d) 
120 ) 120 
100 | 100 
2 80 | 80 
& 60 4 @ Breast Cancer Fr 60 @ Breast Cancer 
& pa jon-breas' 5 40 jon-breas 
20 | ll : ve paper . x 20 i 7 pci ‘ 
of o- ' = 
Low |Normal| High Low Normal High 
PT INR 


Figure 5 chi square testing, a significantly lower proportion of breast cancer patients had normal random blood glucose (p- 
value=0.009), PT (p-value=0.029), and INR. 


4. DISCUSSION 


Cancer is a multi system disease that usually has systemic implications. Patients with cancer suffer from increased bleeding risk, as 
well as an increased coagulation risk (Sasaki et al., 2018). These risks may put the life of patients in danger. Despite the data 
available on cancer patients' coagulation, the data on breast cancer patients is scarce (Nagy, 2013). Understanding coagulation in 
this population can guide better treatment strategies and lower complications (Tinholt et al., 2018). The present study examined the 
coagulation abnormalities in breast cancer patients in Saudi Arabia. The study included patients with and without breast cancer 
and compared them. 31.4% of the whole cohort had breast cancer. The study demonstrated that patients with breast cancer were at 
higher risk of bleeding than other types of cancer. This higher risk was demonstrated by a significantly higher random blood 
glucose (p-value=0.03), PTT (p-value=0.043), PT (p-value<0.001) and INR (p-value<0.001) in the breast cancer patients. Furthermore, 
18.1% had high random blood glucose, while 3.8% had high PTT values, and 16.2% had high PT levels, while 2.9% had high INR 
levels. 

Coagulation in breast cancer patients has been assessed in different settings. Lal et al., (2013) reviewed the changes in platelets 
and coagulation factors in patients with advanced breast cancer. Lal et al., (2013) demonstrated that hemostatic changes could be a 
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predictor for cancer progression. Additionally, these changes can be novel treatment targets for advanced cancer. There was a 
significant correlation between breast cancer and abnormal coagulation profile in the present study, which demonstrated an 
increased risk of bleeding. Patients with breast cancer showed more abnormalities in coagulation profile compared to other types of 
cancer. Also, most of the abnormalities appeared in the PT levels, where 16.2% of the patients showed abnormalities (Mego et al., 
2015). Latest research examined the relationship between breast cancer and the risk of venous thrombo embolism in patients with 
metastasis. By including 116 patients in a prospective study Mego et al., (2015) showed that the circulating tumor cells were 
significantly correlated to increased coagulation and thrombosis risk. 

In the present study, the risk of coagulation could not be evaluated. However, the coagulation profile abnormalities 
demonstrated an increased risk of bleeding in breast cancer patients through the evaluation of INR, PTT, and PT. Moreover, 
random blood glucose was also evaluated. It was significantly higher in breast cancer patients. Random blood glucose was not 
evaluated by (Mego et al., 2015). Also, Tas et al., (2014) examined the association between coagulation tests and pathological factors 
in breast cancer patients included 123 breast cancer patients, while one fifth of the patients had metastatic disease. There were 
significantly higher levels of D Dimer levels in patients with breast cancer. Additionally, they showed that patients with a more 
advanced breast cancer stage had significantly higher INR levels (Tas et al., 2014). The findings from Tas research are consistent 
with the findings from the present study. Breast cancer patients showed higher levels of bleeding markers. As for the type of cancer, 
41% of the patients had invasive duct carcinoma. This type of cancer can demonstrate that patients with advanced breast cancer 
disease are related to bleeding risk (Tas et al., 2014). 

However, the present study had some limitations; the study's retrospective nature may have led to the risk of missing or 
incorrect information for some laboratory values for patients. Additionally, this study was conducted in a single center setting, 
which causes a limitation on external validity. These limitations should be taken into consideration in any future studies. 


5. CONCLUSION 


A substantial increase in the chance of coagulation disorders was seen in patients with breast cancer, especially the risk of bleeding. 
Random blood sugar also showed some abnormalities that should be investigated in future studies. These findings should be 
considered by clinicians and surgeons dealing with breast cancer, significantly before interventions to minimize bleeding risk. Also, 
this risk should be evaluated thoroughly for each patient when considering venous thromboembolism prophylaxis. Similar more 
extensive studies with a prospective design should be encouraged. 


Acknowledgement 
I would like to acknowledge Dr Abdulaziz Alsharif, Dr Mazen Almehmadi and Taif University for their help and supports. 


Ethical approval 
The study was approved by the Medical Ethics Committee (IRB: HAP-02-T-067). 


Funding 
This study has not received any external funding. 


Conflict of interest 
The authors declare that there is no conflict of interests 


Data and materials availability 
All data associated with this study are present in the paper. 


REFERENCES AND NOTES 

1. Abdulaziz O, Almehmadi M. Dysregulation of serum A, Al-Ghoraibi N, Al-Osaimi W, Altahli A, Halawi M, 
electrolytes is detected in untreated cancer patients in Taif Almehmadi A. Assessment of thyroid gland function by 
city. Ann Cancer Res Ther 2021; 29:126-130. doi: 10.4993/acrt evaluating of TSH, FT3 and FT4 hormones in untreated 
29.126. cancer patients. JAPER 2020a; 10:37-42. 

2. Almehmadi M, Alzahrani K, Salih M, Alsharif A, Alsiwiehri 3. Almehmadi M, Alzahrani K, Salih M, Alsharif A, Alsiwiehri 
N, Shafie A, Almalki A, Dahlawi H, Al-Hazmi A, Al-Khalidi N, Shafie A, Almalki A, Alhazmi A, Dahlawi H, Alharthi S, 


Medical Science, 26, ms440e2464 (2022) 8 of 9 


MEDICAL SCIENCE | ANALYSIS ARTICLE 


10. 


11. 


12. 


13. 


Halawi M, Almehmadi M, Allam H. Prevalence of vitamin 
D deficiency in early diagnosed cancer patients: A cross 
sectional study. Ann Cancer Res Ther 2020b; 28:54-59. doi: 
10.4993/acrt.28.63. 

Almehmadi M, Salih M, Elmissbah E, Alsharif A, Alsi 
wiehri N, Alzahrani K, Shafie A, Dahlawi H. Prevalence of 
anemia among Saudi patients with solid cancers at 
diagnosis in King Faisal Hospital, Taif Province, Kingdom 
of Saudi Arabia. PLOS One 2016; e0246202.2021. doi: 
10.1371/journal.pone.0246202. 

Almehmadi M. Association between Random Glucose Level 
and Leukocytes Count in Female Cancer Patients. Cureus 
2020; 12: e8962. doi: 10.7759/cureus.8962. 

Almehmadi 
hypoproteinemia in untreated cancer patients: A cross 
sectional study. Ann Cancer Res Ther 2020; 28:63-70. doi: 
10.4993/acrt.28.63. 

Bowser D, Marqusee H, El Koussa M, Atun R. Health 


system barriers and enablers to early access to breast cancer 


M. Evaluation of liver function show 


screening, detection and diagnosis: A global analysis 
applied to the MENA region. Public Health 2017; 152:58- 
74.10.1016/j.puhe.2017.07.020. 

Kirwan C, Descamps T, Castle J. Circulating tumour cells 
and hypercoagulability: A lethal relationship in meta-static 
breast cancer. Clin Transl Oncol 2020; 22:870-877. doi: 
10.1007/s12094-019-02197-6. 

Lal I, Dittus K, Holmes C. Platelets, coagulation and 
fibrinolysis in breast cancer progression. Breast Cancer Res 
2013; 15:207. doi: 10.1186/bcer3425. 

Lee S, Huh S, OhS, Koh M, Kim S, Lee J, Han J, Choi H, Kim 
S, Kim H. Clinical significance of coagulation factors in 
operable colorectal cancer 2017; Oncol Lett 13:4669-4674. 
Levi M. Management of cancer associated disseminated 
intravascular coagulation. Thromb Res 2016; 140 Suppl 
1:S66-70. doi: 10.3892/o01.2017.6058. 

Mandgj CG, Pizzuti L, Sergi D, Sperduti I, Mazzotta M, Di 
Lauro L, Amodio A, Carpano S, Di Benedetto A, Botti C, 
Ferranti F, Antenucci A, D’alessandro M, Marchetti P, 
Tomao S, Sanguineti G, Giordano A, Maugeri Sacca M, 
Ciliberto G, Conti L, Vici P, Barba M. Observational study of 
coagulation activation in early breast cancer: Development 
of a prognostic model based on data from the real world 
setting. J Transl Med 2018; 16:129. doi: 10.1186/s12967-018- 
1511-x. 

Mego M, Karaba M, Minarik G, Benca J, Sedlackova T, 
Tothova L, Vikova B, Cierna Z, Janega P, Luha J, Gronesova 
P, Pindak D, Fridrichova I, Celec P, Reuben J, Cristofanilli 
M, Mardiak J. Relationship between circulating tumor cells, 
blood coagulation, and urokinase plasminogen activator 
system in early breast cancer patients. Breast J 2015; 21:155- 
60. doi: 10.1111/tbj.12388. 


Medical Science, 26, ms440e2464 (2022) 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22: 


23. 


24. 


Mi X, Liu Q, Zhu L, Sang M, Guo L, Shan B. Mechanism of 
the high coagulation state of breast cancer tissue factor. Eur 
Rev Med Pharmacol Sci 2017; 21:2167-2171. 

Nagy Z. [Biomarkers in solid tumors]. Magy Onkol 2013; 
57:56-62. 

Roy A, Ansari S, Das K, Prasad R, Bhattacharya A, Mallik S, 
Mukherjee A, Sen P. Coagulation factor Via mediated 
protease activated receptor 2 activation leads to B-catenin 
accumulation via the AKT/GSK38 pathway and contributes 
to breast cancer progression. J Biol Chem 2017; 292:13688- 
13701. 

Sasaki R, Horimoto Y, Mizuno J, Edahiro Y, Ohmori T, 
Komatsu N, Saito M. Administration of plasma derived 
coagulation factor VIII during the perioperative period of 
mastectomy for breast cancer with acquired von Willie 
brand syndrome. Surg Case Rep 2018; 4:118. doi: 
10.1074/jbc.M116.764670. 

Shulman L, Willett W, Sievers A, Knaul F. Breast cancer in 
developing countries: Opportunities for improved survival. 
J Oncol 2010; 2010:595167. doi: 10.1155/2010/595167. 

Swier N, Versteeg H. Reciprocal links between venous 
thromboembolism, coagulation factors and ovarian cancer 
progression. Thromb Res 2017; 150:8-18. doi: 10.1016/j.throm 
res.2016.12.002. 

Tas F, Kilic L, Duranyildiz D. Coagulation tests show 
significant differences in patients with breast cancer. 
Tumour Biol 2014; 35: 5985-92. doi: 10.1007/s13277-014-1793- 
4. 

Tinholt M, Garred, Borgen E, Beraki E, Schlichting E, 
Kristensen V, Sahlberg K, Iversen N. Subtype specific 
clinical and prognostic relevance of tumor expressed F5 and 
regulatory F5 variants in breast cancer: The CoCaV study. J 
Thromb Haemost 2018; 16:1347-1356. doi: 10.1111/jth.14151. 
Wojtukiewicz M, Hempel D, Sierko E, Tucker S, Honn K. 
Thrombin unique coagulation system protein with 
multifaceted impacts on cancer and metastasis. Cancer 
Metastasis Rev 2016; 35:213-33. doi: 10.1007/s10555-016- 
9626-0. 

Youlden D, Cramb S, Dunn N, Muller J, Pyke C, Baade P. 
The descriptive epidemiology of female breast cancer: An 
international comparison of screening, incidence, survival 
and mortality. Cancer Epidemiol 2012; 36:237-48. doi: 10.101 
6/j.canep.2012.02.007. 

Yuan Y, Vora N, Sun C, Li D, Soto-Perez-De-Celis E, 
Mortimer J, Luu T, Somlo G, Waisman J, Smith D, Chao J, 
Katheria V, Synold T, Tran V, Mi S, Levi A, Arsenyan A, 
Choi J, Zavala L, Yost S, Hurria A. Association of pre 
chemotherapy peripheral blood pro inflammatory and 
coagulation factors with reduced relative dose intensity in 
women with breast cancer. Breast Cancer Res 2017; 19: 101. 
doi: 10.1186/s13058-017-0895-5. 


9 of 9 


